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The zero- l i f t  drag of a sweptback wing and body  combination  with 

determined by flight t e s t s  of rocket-propelled models at transonic speeds. 
The Inlet  pres.sure  recovery at   t ransonic  speeds was  determlned fn flight . 

back angle of 45O along  the  quarter-chord line, an aspect r a t i o  of 6.0, 
a taper  ratio of 0.6, and an U C A  65AOog a f r f o i l  section in.the free- 
stream  direction. The fineness  ratfo of the f'ueelage vai 10.0. Solid 
and ducted  nacdiles were used and had fineness r a t i o s  of 9.66 and 8.73, 
respectively. 

L nacelles having RACA 1-50-250 nose inlets.   located at the wing t i p s  was 

.z and a t  supersonic  speeds by pref l ight  jet tests. The xfng had a sweep- 

The drags of the  configuration  without  nacelles,  with  ducted  nacelles, 
and with  solid  nacelles were  about the same a t  Mach nimbers .from 0.8 

' t o  1.25. A force-break Mach  number of approximately 0.96 was obtained 
f o r  the  three models tested. The to ta l   p ressure  measured a f t e r  diffu-' 

r a t io  of about 0.7 at  transonic  speeds. 
. sion was 98 percent of the  free-stream total pressure at a mass-flow 

- The wing and body of the flight model had a 
the  pressure  recovery of the  nose-inlet diffuser 
range. 

negligible  effect  on 
over the f l i gh t - t e s t -  

- ' As par t  of 8 general  transonic  research program of  the  National 
I Advisory Committee f o r  Aeronautics. t o  investigate  the .aerodynamic prop- 

e r t i e s  of  promising aircraft   configurations,  the Langley Pi lot less  
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Aircraft Research Division ( a t  i t s  tes t ing  s ta t ion at Wallops Island, Va. ) 
has tested  several  rocket-propelled  free-flight models to determine the 
variations of zero-lif t   drag  coefficient with Mach &er for a high- 
aspect-ratio wing and body configuration  with  nacelles  located at varioue 
positions on the  wing. The preliminary  teats were conducted without 
a i r  flow i n  the nacel les   to  simplffy the  investigation. D r a g  data fo r  
solid  nacelles  located  in  vqious chordwise, ver t ical ,  and  spanwise posi- 
t ions on a 45O sweptback wing of aspect  ratio 6.0 were published in  

ba 

, references 1 t o  4. 

The’ present  .investigation  gives a comparison between the drags of 
solid,  and ducted  nacelles  located a t  the Xing t i p s  of the wing-body-fin 
combination  used i n  the investigations  reported  in  the  foregoing  refer- 
ences. The wing-tip  location was selected from reference 2 f o r   t h i s  
investigation  because of the l o w  drag obtalned for solid nacelles at the  
wing t ips .  

The inlet of the  nacelle conaisted of an W A  1-50-250 nose in l e t  
. w i t h  a c r i t i c a l  Mach  number above 0.9 and a conical  subsonic diffuser 
that had a t o t a l  angle  of 70. The. necelle vas proportioned t o  house an 
axial-flow  turbodet  engine with an afterburner. 

Because of the  limited number of telemeter  channels  that  could f i t  
into  the flight model,  measurements of inlet  total-pressure  recovery 
and stat ic   pressure were obtained  during flight from a single   total-  
pressure  tube  located  near  the end of t h e  diffuser and from a single 
static-pressure  orifice at the duct wall. Preflight Jet ground. tests 
of a more completely  fnstrumented  nacelle ( w i t h  a total-pressure rake) 
w e r e  used to   ca l ibra te   the  internal.flow at Mach numbers of 1.22, 1.112, 
1.75, and approximately 0.8. 

f r o m  3.8 x 10 8 to 7.8 x 1 6   f o r  the flight tes t s .  
The R e y n  Ida number, based’ on wing mean aerodynamic chord, varied 

A area in duct,  square feet 

a tangential acceleration, feet per second per second 

cD . drag  coefficient, baaed on t o t a l  wing plan-form area 

C King chord, f ee t  

g acceleration due -to gravity, 32.2 feet   per  second per second 

i 
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I total   pressure,  pounds per square foot 

average t o t a l  pressure, pounds per  square foot 

M& rider 

- 

f - .  . .  
. . ' m a s s  flow through  duct, slugs per second 

m a s s  f low,  through a stream tube of area equal- to inlet area 
under fYee-s tream conditions, slugs  per second 

s ta t ic   pressure,  pounds per square  foot 

dynamic' pressure, pounds per square f o o t  

Reynolds nuniber, based on wing  mean aerodynamfc chord 

. gas constant 

. radius of duct a t  measuring stat fon , Fnches 

t o t a l  w i n g  plan-form area, square f e e t  

. stat5c temperature,  degrees R a n k b e  

weight of model during  deceleration, pounds 

angle between f l igh t   pa th  and horizontal 

r a t io  of specific  heats 

s ta t ion  

ordinate, o r  location of total-pressure tub& measured from i 
center  l ine of  duct 

I 

I 
I 

Subscripts : 

0 

d 

f 
I 

f ree  stream 

measuring s ta t ion  in duct 

inlet 

Y 

I 
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Details and, dimensions  of %he f l i g h t  models and. the  nacelles  used 
i n  this  investigation  are  given  in  f igures 1 a d  2 and tables I t o  I V .  
Photographs showing the  general arrangementsrof the models are  presented 
i-n figure 3. 

Basic  research  configuration.- The wing-body-fin  combination w a s  
similar  to  those  investigated  in  references I t o  4. The wing had a 
sweepback angle  of 45' along  the  quarter-chord  line, an aspect  ratio of  
6.0 (based on t o t a l  wing plan-form area), a taper   ra t io  o f  0.6, and an 
NACA 65~009  airfoil   section  in  , the  free-stream  direction. The leading 
edge of the wing intersected  the  fuselage  contour a t  the.maximum-diameter 
station. The fuselage  fineness  ratio waa 10. The .ratio of  to ta lwfng  
plan-form area t o  fuselage  frontal  area was  16.0. I 

Nacelles.- A comparison between the ducted  nacelle and solid  nacelle I 

i s  given in   f igure 2. Each nacelle ;as a body of revolution having an 
NACA 1-50-250 nose i n l e t  (based on data in reference 5 ) ,  a cylindrical  
midsection, and an afterbody of NACA 111 proportions  (reference 6 ) .  The 
fineness  ratios of the'  ducted  nacelle and the  solid  nacelle  (including 
nos e plug) were 8.73 &d 9.66 , respectively. 

b 

The in l e t  of the  nacelle  duct, as i s  shown i n  figure 2, consisted 
of a conical  diffuser  with a 0.03-inch l ip  radius,  a t o t a l  angle of 7O, 
and an area  ratio of 1.42:l. The duct was cylindrical  from the end of  
the diffuser t o  about the middle of the  nacelle  afterbody. A t  the  end 
of the  cylindrical   part ,   the duct was contracted  to form an exi t   area 
approximately 82 percent of the  inlet   area.  

* .  
i 

For the  f l ight  model, the  center  lines  of  the  nacelles were located. 
i n  the wing plane  paral le l   to  the free-stream  direction  at 96 percent"-of 
the semispan in   o rder   to  make the  outer  par-t of the  nacelle  f lush  with 
the wing t i p .  The nose in l e t  was located a t  82 percent. of the  local  
ch0i.d in   f ron t  of the wing l e a n @ :  edge. A single  total-pressure tube 
located a t   the   cen ter   l ine  of the  duct and  one static-pressure  orifice 
were instal led about 0.5. inch  after  the  nacelle  diffuser  (fig. 2( a)). 
The pressure  tubes had an inside diameter of 0.06 inch and an outside 
diameter of 0.09 inch. 

An isolated  nacelle  with a total-pressure  rake  in  the  duct was 
used for the  ground t e s t s .  Four 'total-pressure  tubes ajdd one s t a t i c -  
pressure  orifice were located-  about 0.5 inch  behind  the.  difFuser 
( f ig .   2 (c) ) .  The total-pressure  tubes were a t  0, 0.42, 0.67, and 0.88 
radius from the  center  l ine of  the  duct and supported by a symmetrical 
c i rcular-arc   s t rut  0.08 inch  thick and 0.4 inch wide. The tubes had an 
inside diameter  of-0.02  inch and an outside diameter of 0.04 inch. 
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TESTS AMD -NTS 

The f l i g h t   t e s t s  and pref l fght   je t   ground. tes ts  were performed a t  
' t h e  Langley Pilotless  Aircraft  Research Station, Wallops Island, Va. 

Since  the models without  nacelles and with  sol id   nacel les   a t   the  wing 
t i p s  (models A and C, reference 2) were tested  previously, it.was o n l y  
required t o  t e s t  a model with ducted  nacelles a t   t h e  wing t i p s   f o r  a 
comparison of the  d r a g s '  at zero l i f t .  - 

The Reynolds number .varied f r o m  approximately.3.8 x lo6 a t  M, = 0.8 - 
t o  7.8 x 10 6 a t  %* = 1.25 f o r  t he   f l i gh t . ' t e s t s  and f r o m  about 4.1 x lo6 
at M - 0.8 t o  10.2 x IO6 at M, = 1.75 f o r  the  pref l ight  jet  t e s t s  
as i s  shown in   f igure.4.  

Fl ight   tes t .  - Each f l i g h t  model was propelled by a two-stage  rocket 
system and launched from a rail launcher  (fig. 3( a) ). The first stage 
consisted' o f  a 5-inch,  lightweight,  high-velocity  aircraft  rocket motor I 

that served t o  accelerate  the model from zero velocity t o  high sulisonic 
speeds.  For the  second stage, a 3.25-inch Mk 7 aircraft   rocket motor 
installed  in  the  fuselage  accelerated  the m o d e l  t o  supersonic  speeds. 
The models  were tracked by a CW Doppler velocimeter and an EACA modified 
SCR 584 tracking unit t o  determhe  the.  deceleration and flight path 
during  coasting  flight. A survey of atmospheric  conditiorii was made by 
radiosonde  measurmenta f r o m  an ascending balloon that was released at 
the time of launching. A two-channel telemeter  installed in the n08e 
o f  the  fuselage  transmitted a continuous  record of total-pressure and 
static-pressure measurements *om-the ducted  nacelle t o  a ground receiving 
s ta t ion.  

I 

The values of total-drag  coefficient , based on total-wing  plan-form 
area, w e r e  calculated  for  deceleratlng  f l ight  (reference I) with  the r 

re lat ion 

The pressure  recovery and mass f l o w  In the  duct were. obtained  for 
. flight  conditions  by assuming a flat total-pressure  distribution i n  the  
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duct  based on measurements from the total-pressure  tube. The expres- 
sion uaed. for   the  mass-fl& r a t io  was 

Preflight Je t   t es t6 . l  The preflight  Jet  is of the  blowdown, open- 
Jet   type and can be f i t t ed  with  various  nozzles  for  testing a t  super- 
sonic and subsonic Mach numbers. A description of the preflight Je t  
and the testing  technique is given in  reference 7. ! 

' The ground t e s t s  were made using the 8-inch Mach  number 1.22, 1.42, - 

and 1.75 nozzles. Although the  nacelle was  large  relative  to  the  nozzle,  
shadowgraph pictures  (f ig.  5 )  show no diaturbances from the nozzle 
entering the inlet.  Since a subaonic  nozzle was not  available f o r  these 
tes t s ,   the  8-inch, Mach nmber 1.22 nozzle was operated a t  subcri t ical  
pressures and under steady-state  conditions  in  order to determine the 
flow characterist-ics  in the nacelle a t  approximately a Mach  number of-0.8. 

I 

The.  average total   pressure and ma88 flows were determined by inte'- 
gratibn of the measured profiles (reference 8) wTth the following expres- 
sions 

I 

- .  

i 

where the  static  pressure and the  stream  stagnation  temperature &e 
constant. 

The mast3 flow  through an area equivalent t o   t h e  inlet area under 
free-atream  conditions was determined from the following re lat ion 
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Accuracy.- The accuracy of drag coefficf'ent' aid Mach number f o r  
the flight t e s t s  wa8 establfshed from t e s t s  of . three  ident ical  models - 

in  reference 1. The. error  in  pressure meaaurements for  the flight tests 
and preflight tests was based 'on the  accuracy of the  fnstrumentation . 
us-.  The magnitude of  the  errors for the  data presented  are  believed 
t o  be within  the  following limits: 

CD . . . . . . .  (0.8 I M O;g5 and 1.05 < M I  1.25). . . . .  k0.0004 

CD . . . . . . . . . . . .  (0,B 145 1.05) . . . . . . . . . .  f0.001 
Mo . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . .  *0.005 
M a :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.01 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.015 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1 
p/H, .  . . . . . . . . . .  i . . . . . . . . . . . . . . . . .  +0.015 
m / m , .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a.05 I 

RESULTS AlJD DISCUSSION 

Drag.- The variations of total-drag  coefficient with Mach nwiber 
for the  configuration  without  nacelles,  withducted nacelles, and with 
so l id  nacelles are given i n  figure 6 .  The s o l i d   c m e  in figure 6 is 
an average CD ' curve for three models without  nacelles  (reference I). 
The data for the. modei with sol id nacelles- are taken ' from reference 2. - 
The tes t   points  for the  configuration with ducted nacelles represent 
t o t a l  CD at the  values of m a s s  flow- shoKn in figure 7. Th6 maximum 
measured value of the   internal  CD (based on tot .al  wing area) of the 
ducted  nacelles was o n l y  0.0002, which value is less   than the experi- 
mental  accuracy of the flight t e s t s .  

m e  previous investigations  (references 1 t o  4) were made ' for  
solid nacelles on the premise , that   the  nacelle-plus-fnterference drag 
would be about the same fo r  s o l i d  and ducted  nacelles. The data of - 

reference 8 indicate that a t  M = 1.25 and = 0.7 the-ex terna l  

drag.. coefficient  (bas& on total wing area) of  the two ducted  nkcellea 
should  be o n l y  0.0006 greater than that of the  s o l i d  nacelles. It is 
evident from figure 6 that   the   var ia t ion of CD with M 'for this con- 
ffguration  with  either  the solid or  ducted  nacelles at the wing t i p s  
was about the  same and also  approximately  equal to'  that of the  config- . 
ugation  without  nacelles. Unpublished data, however, indicate   that  
most of the favorable  interference  cawing this low nacelle drag is l o s t  
when the  aspect r a t i o  of-- t he  wing is reduced From 6.0 t o  4.0. 

3no 

. .  
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The force-break Mach numbers of a l l  the models tes ted  were 
about  0.96. 

Pressure  secovery.-  Figure 8(a) shows tha t  a nearly f la t  to ta l -  
pressure  distribution was obtained  behind  the  subsonic  diff'user from 
ground tests a t  Mach numbers of 1.22, 1.42, 1.75, and approximately  0.8. 
Because ofAhe flat profile,  the average t o t a l  pressure 'EI w a s  (within 
the  accuracy of  the tests) about the same as that  recorded by the   to ta l -  
pressure  tube a t  the  center  of  the  duct7 

The variation of pressure  recovery  with PiIach number for   the   f l igh t  
tests and pre f l igh t   j e t   t e s t s  i s  given Fn figure 8( b ) . Although the  
pressure  recovery  during f l i gh t  was determined from a.single  pressure.  
tube i n  the  center of the  duct  (fig.  2(d)), good agreement was obtained 
between the  pressure  recoverles of the two tests a t  corresponding Mach 
numbers. This agreement indfcates  that  the wing and body of the   f l igh t  
model had a negligible  effect on the  pressure  recovery of the nose i n l e t  
a t  transonic speeds. . The total   pressure measured after  diffusion was 
98 percent of the  free-stream  total  pressure at a mass-flow r a t i o  of 
about  0.7 a t  Mach numbers from 0.8 t o  1.25. 

Figure  8(b)  also shorn a comparison of the  pressure  recoveries 
obtained for the  nacelle Fnlet-and f o r  a  similar nose inlet   d i f fuser  
tes ted  on a body in  referenqe 8. The difference  .in  pressure  recovery 
between the  nacelle  inlet  and the  reference  inlet, which is less e f f i -  
c i e n t   a t  supersonic  speeds, can probably  be  accounted for  by  the  greater 
diffusing  angle (8.20 instead of  70) and the  greater amount o f  diffu- 
sion (2:l instead  of1.42:l)   in  the  diff 'user of reference 8. 

Figure  8(c), shows the  variation of stat ic   pressure at the subsonic 
diffuser measuring s ta t ion  from % = 0.8 t o  1.75 aa determined  by 
the two tes t s .  

t 

The resul ts  of - transonic  f l ight tests at zero l i f t  of a wing-body 
configuration  with  nacelles  having NACA 1-50-250 nose inlets  located 
at the wing t i p s  of  a 45' sweptback wing of aspect  ratio 6.0 and pre- 
flight-jet t e s t s  of  the  nacelle a t  supersonic  speeds are as follows: 

1. The drags of the  basic  configuration  without  nacelles,  with 
ducted  nacelles, and with. solid  nacelles were. about the same  from 
M, = 0.8 t o  1.25. A force  break Mach  number of approximately 0.96 was 

, obtained f o r  the  three models tested. 

I 

.. . . 

I 
I 
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2. The t o t a l  pressure measured af ter  difftision w a s  98 perceit of  

the  free-stream to t a l  pressure at a mass-flow' r a t i o  of  about 0.7 a t  - Mach nunibers from 0.8 t o  1.25 
" 

3.  me wing and body o f  the  f l ight model had a negligible effect 
on the pressxire recovery of the  nose-met dfffuser over the fl ight-  
t e s t  range. 

' Langley Aeronautical Laboratory 
National  Advisory Committee f o r  Aeromutica 

Langley Field, Va. 

I 
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Figure 1.- General arrangement and dlmensione of test ,model. 
A l l  dimensions &e in incbs.  . 
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L 2 . S O  - 

(c)  m e t  for ground t e a t .  (a) I d e t   f o r  flight test .  

Figure 2.- Details and dimeneions of solid nacelle, ducted nacelle, and 
nacelle inlets &ea for the ground t e ~ t s  and f l i&t  tests.  All 
dlmenaiona are in inches. 

. - . .. . . . . 
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I 

(a) T e s t  model without kcelles. Model w d  booster arrangement on 
ra i l  launcher. 

Figure 3.- General views of t e s t  models, 
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(b) Fl ight  m o d e l  with solid  nacelles. 

( C )  Fl ight  model with ducted  nacelles, 

Figure 3. - Concluded. 
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Figure 4.- Variation o f  Reynolds aumber with Mach number for modek~ 
teated. Reynolds number baeed on wing mean aerodynamic chord. 
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(a) M = 1.22. (b) M = 1.42. 
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(a)  Total-pressure  profile at diffuser f o r  aeveral M a c h  rimers as 
determined by ground t e s t s  of the  iaolated  nacelle. 

(b)  Variation of diffuser  pressure  recovery with Mach number. 

(c) Variation'of  &tic  pressure fn diffuser w i t h  Mach number. 

Figure 8.- Properties of ducted.nace1le with an.NACA 1-50-2X inlet as 
determined by flwt ,-tests.-iand ground tests.  
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